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FORCE AND PRESSURE CHARACTERISTICS FOR A SERBS OF NOSE 
INLETS AT MACH NUMBERS FROM 1.59 TO 1.99 
II - ISENTROPIC-SPIEE ALL-EXTERML COMPRESSION INLET 
By L. J. Otery and G. W. Eaglert 


SUMMARY 

An e35>erimental Inyestigatlon to determine the external 
internal flow characteristics of a typical ram- Jet-inlet configuration 
of an external-compression type utilizing an isentropic spite and a 
suhsonic diffuser was conducted in the MCA Lewis 8- hy 6-foot super- 
sonic wind tixonel. The model was inreetigated oyer a range of mass- 
flow ratios at angles of attack up to 10®, free-stream Mach nvunbers of 
1.59, 1.79, and 1.99, and a Reynolds numher of approximately 2.4 x 10® 
"based on inlet diameter. ' 

C9mparison of the results at zero angle of attack with various 
theories shows that the skin -friction and additive -drag components 
were predicted at all mass -flow ratips and extrapolation of the experi- 
mental press\jre-drag curves showed close agreement with the theoretical 
value predicted at a mass -flow ratio of unity. The variation of the 
lift- and pitching-moment coefficients with angle of attack were pre- 
dicted reasonably well at the critical mass -flow ratios; however, the 
Incremental drag due to eingle of attack, was considerably underestimated 

The experimental investigation showed that the drag coefficient 
decreased with Increasing mass-flow ratio, increased with free-stream 
Mach n\xm.ber at a given mass-flow ratio, and decreased with increasing 
free-stream Mach number at critical mass -flow ratios. These trends 
were largely due to the variation of the additive drag component with 
mass-flow ratio and free-stream Mach number. 

Longitudinal pressure distributions measured over the external 
surface of the model at various mass-flow ratios and several angles 
of attack show that the most severe effects of these variables on 
the pressure distributionjs extend approximately 1,5 diameters down- 
stream of the cowl lip. 

Shock oscillation occurred at the two higher ^‘iach numbers and 
increased in severity with angle of attack and free-stream Mach number. 
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INTRODUCTION 

- Internal and external aerodynamic characteristics of a series of 
supersonic inlets operating without heat addition were investigated 
in the NACA Lewis 8- by 6 -foot supersonic wind tunnel. 

The data presented herein were obtained from the investigation 
of an all-external, isentropic-compression-type inlet operating over 
a range of mass-flow ratios, at angles of attack from 0° to 10°, Mach 
numbers 1.59, 1.79, and 1.99, and an average Reynolds nimber of 
2.4 X 10® based on inlet diameter. 

The purposes of this investigation were: (1) to experimentally 
determine the pressure, force, and moment characteristics of a typical 
inlet configuration, and (2) to correlate these results with existing 
theory where possible. ■ 
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SYMBOIS 

The following symbols are used in this report: 
drag coefficient, d/< 3 ,qSjj 

skin-friction drag coefficient based on wetted area 
lift coefficient, L/^qS^ 

pitching-moment coefficient about base of model, g/^qS^Z 


pressure coefficient. 


P-PO 

*^0 


drag 

diameter at area of maximum cross section, 0.677 foot 

pitching moment about base of model 

lift 


length of model, 4.96 feet 
Mach number 
mass flow 
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P total pressxire 

p static pressxire 

<1 rpM^/2 

5 cross-sectional eirea 
Sq inlet capture area defined by cowl lip, 0.1920 square foot 
Sm maximum cross-sectional area, 0.3601 square foot 

U velocity 

u velocity in boundary layer 

x,r,0 cylindrical coordinates 
y distance from model surface 

a angle of attack 

7 ratio of specific heats, 1.40 

6 boundary -layer thickness 
Subscripts : 

a additive 

f friction 

I local 

p pressiire 

0 free stream 

1 cowl lip 

2 station at x = 7.558 inches 

3 combustion-chamber inlet 

5 minimum area at plug 
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APPAMTIB AND PROCEDURE 

A photograph of the pressure model is shown in figure 1. The 
force model was geometrically identical to the pressure model except 
that the pressure-tuhe conduits and the houndary-layer reike vere 
removed. Aft of station 7.875 (fig. 2(a)), the model sind the apparatus 
used in this investigation were identical to the eq^iiipment reported in 
reference 1, The spilce (fig. 2(c)) was designed to produce an infinite 
number of infinitesimal compression waves and was so placed that the 
point of coalescence of the compression waves would occur ahead of the 
cowl lip at ^ch number 1.8. (See reference 2.) The cowl (fig. 2(h)) 
had a hlunt, subsonic leading edge as shown in detail A in figure 2. 
Coordinates for the model axo presented in table I. 

The axial variation of geometric area ratio was calculated in the 
manner described in reference 1 and is shown in figure 3. The reduc- 
tion in area ratio from x/D » 0 to 0.375 was associated with the design 
condition of subsonic flow entering the inlet and the constant-area region 
from x/D = 0.375 to 0.500 was included to permit stabilization of the 
boundary layer before the beginning of subsonic compression. Reference 
stations throu^out the model aind other terms are defined in figure 4. 

, The instrumentation of both force and pressure models was iden- 
tical to that of reference 1, except that the total -pressure rakes at 
the leading edge of the struts were omitted. The locations of the 
various pressure tubes are given in table II. 

Both models were investigated at Mach numbers of 1.59, 1.79, and 
1.99, angles of attack from 0° to 10°, and over a range of mass-flow 
ratios. The Reynolds nianber based on inlet diameter (0.495 ft) varied 

from 2.3 x 10® to 2.5 x 10®. 

One of the basic parameters for the analysis of the data is con- 
sidered to be the mass -flow ratio. The mass -flow ratio is defined 
as the ratio of the air entering the engine to the air in a free -stream 
tube having a diameter equal to the cowl diameter of 5.912 inches. 

Calculation of the mass flow through the engine was based on 
choking at the exit plug at the geometric exit area and the total pres- 
sure measured in the combustion chamber. A correction factor' of 0.98, 
based on subsequent calibration of the diffuser and on the mass flow 
calculated by the method of reference 3, was then applied to the data. 
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RESUITS AND DISCUSSION ' 

External -Flofw Characteristics 

Zero angle of attack* - The Tariation of the drag coefficient 
with mass -flow ratio is presented in figure 5 for three Ma.ch numbers 
and zero angle of attach* The drag coefficient was defined to include 
all the forces parallel to the flight direction acting on the external 
body surface and on the outermost entering streamline. As figure 5 
shows, the drag coefficient increased rapidly at all Mach n;miber8 as 
the mass -flow ratio decreased, and at a given mass -flow ratio the drag 
coefficient increased with Mach number. The drag at critical mass 
flow, however, decreased with increasing Mach number.- This decrease 
is shown more clearly in figure 6 by the variation of minimum drag 
coefficient with Mach number. In order to provide an understanding 
of -the variations noted in the -to-tal drag, the variations of the com- 
ponents of pressure, skin friction, and additive drags are sepeirately 
analyzed. 

The vEiriation of the pressure-drag coefficient with mass-flow 
ratio for three Mach numibers and. zero angle of attack is presented in 
figure 7 . The pressure-drag coefficient was obtained by graphical 
integration of measured static pressures over the external portion 
of the body. Theoretical values for a mass -flow ratio of 1 were 
determined from theoretical pressure distributions obtained by the 
method of references 4 and 5, with the assumption that the small 
region of transonic flow about the 0.016-inch radius of the cowl lip 
had a negligible effect on the remaining flow field. Extrapolation 
of the experimental curves to a mass -flow ratio of unity indicates 
good agreement between experiment euid theory. 

, The experimental pressure-drag coefficients increased with free- 
stream Ifech number at a 'given mass -flow ratio and decreased with 
decreasing mass -flow ratio, all having attained a negative value at 
mass-flow ratios less than 0.65. The negative pressure drag resulted 
from regions of hl^ acceleration about the inlet > the extent and 
the magnitude of which are shown in figure 8 where the axial pressure 
distributions for a range of mass -flow ratios and three Mach numbers 
are presented. Figure 8 shows that the low pressures jaroduced by 
the hi^ acceleration extended approximately 1.5 diameters dovnstreEun 
of the lip. The decrease in the pressure coefficients between dia- 
meter ratios x/d of 4 and 5 resulted from the change in slope of the 
external surface, whereas the decrease at x/d m 2 and 3.25 for free- 
stream Mach mmibers of 1.79 and 1.99, respectively, were due to weak 
t\mnel disturbances. Also plotted in figure 8 are the theoretical 
pressure distributions calculated for mass-flow ratios of 1.0. These 
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cvirves indicate the limiting Talue of the pressure loading as the 
mass-flow ratio approached unity. Additional pressiure-distrihution 
data are presented in tables III to VI. 

The Tariation of skin-friction drag coefficient with mass-flow 
ratio is presented in figure 9. The friction drag was computed by 
the method of reference 6 based on the change in momentum in the 
boundary layer corrected for the loss across the inlet shock. Sample 
calculations showed that, for hi^ mass -flow ratios, exclusion of the 
effect of the pressure gradient over the forward portion of the model 
surface increased the momentum decrement by an amount corresponding 
to approximately 1.5 percent of the friction -drag coefficient. In 
view of this small quantity, no pressure-gradient corrections were 
applied to the data. 

As showa in figure 9, the skin -friction drag coefficient was 
essentially independent of mass -flow ratio and decreased only slightly 
between Mach numbers 1.59 and 1.79. The measxired friction-drag coef- 
ficients are compared in figure 10 with values calculated by the method 
of reference 7. The good agreement indicates that two-dimensional 
theory predicts the friction drag on this model. 

Representative boundary-layer profiles are plotted in figure 11. 

For a given free-stream Mach number, the decrease in local Mach number 
as the mass -flow ratio decreased corresponded to the increased losses 
across the bow wave, as discussed in reference 6. 

The boundary layer was assumed to extend to the 
the curves of figure 11 in the vicinity of y = 0.6. 
data in the assumed boundary layer to the more usual 
in figure 12, shows that the profiles follow closely 
law. 

The variation of additive drag coefficient with mass -flow ratio 
is presented in figure 13. The additive drag was calculated as the , 
momentm change from free-stream conditions to station 7.558 (flow 
stations 0 to 2). The theoretical curves were obtained from the one- 
dimensional analysis presented in reference 8, modified at Mach 
number 1.59 to account for supersonic additive drag. The theoretical 
calculations were based on a 20° conical spike instead of the actual 
curvature of the spike. As figure 13 shows, the additive drag rapidly- 
increased wi-th decreasing mass-flow ratio and increased wi-fch free-stream 
Mach number for a fixed mass-flow ratio. Except in the region of shock 
oscillation, -the agreement with -the theoretical curve is reasonable. ^ 


points marked on 
^ Reducing "the 
form, as presented 
■the 1/7 th power 
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A comparisoh of the sum of the drag compoaents determined from 
the pressure data with the measured total drag from the halance is 
presented in figure 14 and shows excellent agreement in all but the 
shock-oscillation region. The components of drag show that the increase 
in drag with decreasing mass -flow ratio is largely caused by the 
increase in additive drag. Also, most of the increase in drag with Mach 
number for a constant mass -flow ratio can be attributed to an increase 
in additive drag. 

Angle of attack. - The variation of total -drag coefficient with 
mass-flow ratio for v^ious angles of attack and for three Mach 
numbers is shown in figure 15. For a given free-stream Mach number 
and mass -flow ratio, the drag coefficient increased with angle of 
attack. This trend was largely due to an increase in the drag com- 
ponent of the normal force, inasmuch as calciilations not included in 
this report show that the axial force coefficient was approximately 
constant and thus contributed little to the change in drag coefficient 
with angle of attack. Shock oscillation increased in severity with 
angle of attack and Mach number and apparently caused a decrease in 
drag coefficient; however, because of the unreliability of the data 
(particularly the mass flow) in this region, no conclusions are 
weirranted . 

The lift and pitching-moment coefficients were defined to Include 
only the effects of the external flow over the body and were calcu- 
lated by subtracting the internal forces and moments from the measured 
data. The llft-and pitching-moment coefficients are presented in fig- 
Tires 16 and 17, respectively, as functions of mass-flow ratio. 

An additive lift and thus also an additive pitching moment are 
present when there is spillage over tlie cowl at angles of attack. 

These components are due to deflection of the entering streamlines in 
the region between the inlet-shock configuration and the cowl lip. 

The additive effects are Inclxtded in both coefficients, inasmuch as 
it was impossible to determine them with the existing instrumentation. 
The mea8\a:ed pitching-moment coefficient was reduced by assuming that 
the turning of the internal flow from the free-stream direction to 
the angle of attack of the body occurred at the cowl lip, thus deter- 
mining the location of the normal force produced by the internal flow. 
Although this assumption is not strictly true, it is probably within 
the accuracy of the measurements. Both lift and pitching moment tended 
to decrease sli^tly with decreasing mass -flow ratio at all angles of. 
attack. This decrease is due to the change in mass flow spilled over 
the engine because only the external flow contributed to either 
coefficient. 
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As with other data, shock oscillation at times produced erratic vari- 
ations in "both lift and pitching moment and no conclusions were drawn from 
the data in these regions. The center of pressure locations, as shown 
in figure 18, were quite erratic in the oscillation regions, hut generally 
were located approximately 4.5 to 5 diameters ahead of the base. 

The variation of the aerodynamic characteristics with angle of 
attack at critical mass flow is presented in figure 19; also presented 
for a mass-flow ratio of 1.00 is the theoretical variation of lift, 
increment of drag, and pitching moment with angle of attack, as calcu- 
lated hy the method of reference 9, modified for an open-nose body and 
assuming no end effects. Theory reasonably well predicted the lift 
and pitching moment variation but appreciably underestimated the 
increment of drag due to angle of attack. 

A typical variation of pressure distribution over the top and bottom 
surfaces of the model is shown in figure 20 for the four angles of attack 
at critical conditions. The increased pressure coefficient over the 
bottom surface of the body due to angle of attack extends over the length 
of the body; however, cross -flow separation over the top surface starting 
at x/D = 1.5 to 2.0 la indicated because the pressure coefficient is 
approximately zero and independent of angle of attack. The dip in the 
ciirves between x/b = 4 and 5 resulted from the change in slope of the body 
Pressure coefficients for other operating conditions are presented in 
tables III to VI. 

Representative schlieren photographs shown in figure 21 illustrate 
the change in shock configuration with angle of attack for the three 
Mach numbers at critical mass-flow ratios. The bow wave at radii 
greater them the cowl lip shows little change in curvature or orien- 
tation with respect to the free stream as the angle of attack is varied. 
The shock configuration on the cone and at radii less than the cowl 
radius is appreciably changed and regions of separation on the upper 
part of the cone surface are apparent* 

Oscillation of the normal shock ahead of the cowl occurred at 
Mach numbers of 1.79 and 1.99 in the subcritical regime; as shown in 
the schlieren hi^-speed motion picture films of figure 22. At zero 
angle of attack and a mass-flow ratio of approximately 0.42 (fig. 22(a)), 
one type of oscillation is shown. Some of the frames in the sequence 
shown have been deleted. The actual cycles consisted of a movement of 
the norma], shock to the tip, as shown in frames 1 to 4, three short 
'pulses of the type shown in frames 4 to 8, and a return of the shock 
to its original position (frames 9 to 23). The frequency of this cycle 
has been estimated at 50 oscillations per second. At an angle of 
attack of 3° and a lower mass -flow ratio, a single pulse oscillating 
at approximately 230 cycles per second was observed (fig. 22(b)). No 


CONFIDENTIAL 



NACA EM E50J26a 


CONFIDENTIAL 


9 


frames have "been omitted from ;^s sequence* Both figures 22(a) and 
22(h) show that separation occurred at the spike and Increased in mag- 
nitMe as the how wave progressively moved forward of the cowl lip. 

The oscillation data are not considered numerically reliable, hut were 
presented as dashed lines in the figures to show some of the qualita- 
tive effects of shock oscillation. The occurrence of shock oscillation 
differed in the two models. For example, at zero angle of attack and 
Mach numbers 1.79 and 1.99, shock oscillation occurred in the pressure 
model hut not in the force model. Sligh't differences in instmmientation 
and test conditions may account for this phenomenon. 


Internal -Flow Characteristics 

Zero angle of attack. - The variation of total -pressure recovery 
and comhustlon-chamher Mach nmher with mass-flow ratio is shown in 
figure 23. The measured total pressure P3 was corrected to conform 
with the static pressure measured in the combustion chamber and the 
mass flow. The combustion-chamber Mach number presented was calcu- 
lated assuming isentroplc expansion from the annular area of the com- 
bustion chamber to the cross-sectional area of the combustion chamber 
with the sting removed. The total -pressvure recovery was approximately 
constant with mass -flow ratio in the subcritlcal range at Mach num- 
ber 1.59, but decreased slightly for the higher Mach numbers due to 
shock oscillation. 

The peak recovery was somewhat lower than that obtained in refer- 
ence 2, because the spike location of this inlet was not optimized for 
maximum pressure recovery but was compromised to obtain low drag and 
reasonably high pressure recovery. 

A breakdown of the measured total -pressure losses into inlet and 
subsonic-diffuser losses is presented in figure 24 as a function of 
mass -flow ratio. The almost constant pressure recovery in the sub- 
critical regime may be attributed to the fact that as the mass flow 
was decreased, the supersonic losses APo, 2A*Q increased at approxi- 
mately the same rate that the subsonic losses AF2^3/Po decreased. 

At critical mass flow, the subsonic losses accounted for approxi- 
mately 5 percent of the available total pressure for all Mach numbers . 

The perfomance of the subsonic diffuser is presented in fig- 
ure 25 in terms of total-, static-, and dynamic -pressure parameters. 
The total -pressure recovery for the subsonic diffuser F3/P2 

approximately independent of Mach number in the stable portion of the 
subcritlcal regime; however, the total -pressure loss expressed in 


CONFIDENTIAL 



10 


CONFIDENTIAL 


NACA BM E50J26a 


terms of the dynamic pressure AP/q .2 increased with free-stream Mach 

number. This Increase is believed to resiilt from differences in inlet 
boundary -layer conditions (reference 10). Subsequent subsonic- 
diffuser studies indicate that approximately 4 percent of the total 
available pressvire was lost due to the -support struts. 

The Mach -number profiles, as determined by the combustion- 
chamber rake, are shown in figure 26. at six circumferential stations. 

As the mass flow decreased the profiles measured by the four side 
rakes approached the profiles determined by the top and bottom rakes, 
indicating that the wake effects of the support struts decreased with 
decreasing mass -flow ratio. 

Angle of attack. - The total -pres sure recovery and the combustion- 
chamber Mach number were independent of angle of attack up to 6° 

(fig. 27) at Mach number 1.59. At an angle of attack of 10° and a 
Mach number of 1.59, the pressure recovery was reduced approximately 
1 percent and no effect was noted in the combustion-chamber Mach number. 

At Mach numbers 1.79 and 1.99 and moderate angles of attack, however, 
shock oscillation was encountered and a severe reduction in total -pressure 
recovery resulted. Angles of attack up to and including 6° reduced the 
maximum amount of mass flow available to the diffuser by the reduction 
in inlet ar^ (that is, by the cosine of the angle of attack). At an 
angle of attack of 10°, however, a reduction in mass flow larger than 
that due to the reduction in projected inlet area was attained, prob- 
ably due to choking in the upper quadrant, as mentioned in reference 1. 

The internal -pressure distribution curves presented in figure 28 
show that the pressure coefficient over the bottom surface of "Uie 
diffuser was ,approximately Independent of angle of attack up to eind 
including 6°, but a pronounced variation is noted at an angle of attack 
of 10*^ similar to the tendency previously noted in the mass -flow ratio. 

The distribution over the top surface shows that the tendency to choke 
in the region of the struts (x/D = 1.35) increased with increasing 
angle of attack. As shown in figure 29, the total pressure, in general, 
was hi^er over the top half of the combustion-chamber inlet than over 
the bottom half. Meastirements obtained with wall orifices located on 
the bottom of the spike (r/r 3 = 0.38) were nearly the same as the 

static-pressure measurements made near the center of -toe flow channel. 

As the static pressure was nearly constant at this survey station, the 
trends of the total -pressure curves are an indication of the relative 
amounts of mass flow per unit area at various parts of the survey. 

This criterion also indicated a greater mass flow throu^ the top half 
of the combustion-chamber inlet than through the bottom. 
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SUMMAEY OF EESUITS 

The external- and internal-flow characteristics of an isentropic 
spike all -external compression inlet were investigated in the MCA 
Lewis 8V- by 6-foot supersonic wind tunnel. The investigation was con- 
ducted throu^ a range of mass -flow ratios and angl.es of attack at 
Mach n-ambers of 1.59, 1.79, and 1.99 and at an average Eeynolds number 

g 

of 2.4 X 10 based on inlet diameter. From this investigation the 
following results were obteiined: 

1. The total -drag coefficient of the inlet rapidly increased • 
with decreasing mass-flow ratio, increased with free-stream Mach number 
at a given mass-flow ratio, end decreased with increasing free-stream 
Mach number at critical mass -flow ratio, largely due to the contribu- 
tion of the additive drag coefficient. 

2. Extrapolation of the experimental pressure-drag coefficient 
to the condition of no mass -flow spillage indicated close agreement 
with the value determined by linearized potential theory at zero angle 
of attack. 

3. The skin-friction drag showed good agreement with the theoret- 
ical value obtained from von Karmen' s turbulent bomdary -layer theory 
assuming two-dimensional compressible flow. 

4. The additive drag was reasonably well predicted from one- 
dimensional flow considerations. 

5. Lift and pitching moment slightly decreased with decreased 
mass flow at all angles of attack. The lift and pitching -moment coef- 
ficients at critical mass-flow ratio were predicted reasonably well; 
however, the increment of drag due to angle of attack was considerably 
underestimated. Calculations show that the experimentally determined 
axial -force coefficient was independent of angle of attack. 

6. Mass-flow 3ratio markedly affected the pressure distribution 
over the external cowl surface for the first 1.5 diameters downstream 
of the cowl lip. Cross-flow separation due to angle of attack \ma 
experienced over the rearward portion of the top surface of the body. 

7. Increasing angle of attack and tfech mmiber Increased the 
severity of the shock oscillatiohs with the apparent increases in 
total-pressure losses. 

Lewis Flight Propulsion laboratory. 

National Advisory Committee for Aeronautics, 

Cleveland, Ohio. 
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TABLE I 

TABLE OF COORDINATES FOR 8-INCH RAM-JET CONFIGURATION 


(a) Center -"body coordinates 


(t) Outer-shell coordinates 


Station 

Diameter 

(in.) 

-1.750 

1.275 

-1.500 

1.474 

-1.250 

1.687 

-1.000 

1.902 

- .750 

2.137 

- .500 

2.410 

- .250 , 

2.715' 

0 

3.005 

.250 

3.285 

.500 

'3.533 

.750 

3.750 

1.000 

3.910 

1.500 

4.130 

2.000 

4. '250 

3.000 

4.390 

4.000 

4.470 

5.000 

4.530 

6.000 

4.565 

7.000 

4.590 

7.750 

4.600 

7.875 

4.606 

10.000 

4.585 

12.000 

4.545 

14.000 

4.486 

16.000 

.4.415 

18.000 

4.327 

20.000 

4.220 

22.000 

4.084 

24.000 

3.922 

26.000 

3.715 

30.031 

3.340 


Station 

Diameter 

OnO 


External 

Internal 

0.050 

5.992 

5.875 

.100 

6.040 

5.876 

.150 

6.080 

5.884 

.200 

6.113 

5.899 

.250 

6.140 

' 5.915 

.375 

6.198 

5.960 

.500 

6.245 

6.000 

1.000 

6 c 389 

,6.139 

1.500 

. 6.496 

6.246 

2.000 

6.564 

6.314 

2.500 

6.610 

6.360 

3.000 

6.648 

6.398 

9.875 

6.998 

6.748 

14.000 

7.210 

6.960 

22.000 

7.616 

7.366 

30.000, 

8.024 

7.774 

32.000 

8.125 

7.875 

56.000 

8.125 

7.875 



CONFIDENTIAL 














14 


CONFIDENTIAL 


NACA EM E50J26a 


TABLE II 

LOCATION OF STATIC-EEESSUEE OEIFICES FOE HffiSSURE MODEL 


(a) Location of static tubes 
along shell contour. 


Station 

External®" 

Internal 



(0=0°) 

0.50 

11.00 

0.50 

1.00 

12.00 

1.00 

1.50 

14.00 

1.50 

2.00 

16.00 

2.00 

2.50 

18.00 

2.50 - 

3.00 

21.00 

3.00 

4.00 

24.00 

4.00 

5.00 

27.00 

5.00 

6.00 

31.00 

6.00 

7.00 

3^.00 

7.00 

8.00 

40.00 

8.00 

9.00 

45.00 

9.00 

10.00 




®Two rows of orifices at 
e = 180° and 270°. 


(h ) Location of static 
tubes (0=0°). 


Station 

Spike 

Island 

-1.50 

8.00 

-1.00 

9.00 

-0.50 

10.00 

0 

11.00 

O.5O 

12.00 

1.00 

14.00 

1.50 

16.00 

2.00 

18.00 

2.50 

21.00 

3.00 

24.00 

4.00 

27 .00 

5.00 

31.00 

6.00 

37.00 

7.00 
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Figure 2. — Schematic diagram of NACA 8-lnch ram-Jet configuration showing principal dimensions of model and details of all-external Isentroplc compression 

Inlet. 
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Distance downstream of cowl lip, x/d 

Figure 3# - Longitudinal variation of mean geometric area* 
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Figure 5* - Variation of total drag coefficient with mass-flow 
ratio at zero angle of attack for three Mach numbers. 
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Figure 6. - Variation of minimum total drag coefficient with free-^ 
stream Mach number at zero angle of attack. 
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Figure 8* - Axial variation of external pressure distribution along 
top surface of model at zero angle of attack for three Mach nximbers# 
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Axial distance from cowl lip, x/d 

(b) Pree-stream Mach number, 1.79. 

Figure 8. - Continued. Axial variation of external pressizre dis- 
tribution along top surface of model at zero angle of attack 
for three Mach numbers. 
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Figure 9* - Variation of skin-friction drag coefficient with mass- 
flow ratio at zero angle of attack for three Mach numbers. 
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Reynolds nxunber 


Figure 10# - Comparison of experimental skin-friction drag coef- 
ficient with two-dimensional compressible-flow theory at three 
Mach members# 
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Skin-friction drag coefficient 
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Figure 11« - Variation of Mach«number distribution in boundary layer at zero angle of attack 
for range of mass-flow ratios at three Mach numbers. Station 51. 
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Figure 12» - Comparison of experimental and theoretical boundary -layer profiles at zero 
angle of attack for range of mass-flow ratios and three free-stream Mach numbers. 
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Figure 13. - Comparison of experimental additive drag coefficients 
with one -dimensional theory for range of mass-flow ratios at 
zero angle of attack for three Mach numbers. 
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(a) Pree-stream Mach number, 1.59. 

Figure 14. - Variation of components of total-drag coefficient with 
mass-flow ratio at zero angle of attack for three Mach numbers. 
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Figure 14, — Continued. ' Variation of components of total— drag 
coefficient with mass-flow ratio at zero angle of attack for 
three Mach nxmbers. 
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Mass-flow ratio, m^/mQ 


(c) Free-stream Mach mimber, 1.99. 

Figure 14. - Concluded. Variation of components of total-drag 
coefficient with mass-flow ratio at zero angle of attack for 
three Mach numbers. 
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, Mas a -flow ratio, ni3/niQ 

Figure 16. - Variation of external lift coefficients with mass-flow ratio at three angles of attack for three 

Mach numbers. 
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Figure 10# - Variation of center of pressure location with mass-flow ratio at three angles of attack for three Mach 

nxambers • 






Pressure coefficient 



CONFIDEMTIAL 





Page intentionally left blank 


Page intentionally left blank 



NACA EM E50J26a 


CONFrOEUrriAL 


53 



3 


6 

Angle of attack, deg 

(a) Free- stream Mach number Mq, 1.59. 
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(b) Free- stream Mach number 1.79. 
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(c) Free-stream Mach number Mq, 1.99. 



Figure 21. - Schlieren photographs of inlet at critical mase-flow ratios for three angles 
of attack and three free-stream Mach numbers. 

CONFIDENTIAL 


Page intentionally left blank 


Page intentionally left blank 




(a) Angle of attack, 0®; mass-flow ratio, 0.418. 



C- 26 237 


Figure 22. - High-speed schlieren photographs showing oscillation of how wave, Free- 

stream Mach number, 1.99. 
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(b) Angle of attack, 3°; mass-flow ratio, 0.072. 


Figure 22. - Concluded. High-speed scblieren photographs showing oscillation of bow 

wave. Free-stream Mach number, 1.99. 
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Figure' 23. - Variation of total-pressure recovery and combustion- 
chamber Mach number v/ith mass-flow ratio at zero angle of attack 
for three free-stream Mach numbers. 
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Figure 24. - Components of total-pressure loss at zero angle of 
attack for range of mass-flow ratios at three free-stream 
Mach numbers. 
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Figure 25. - Subsonic-diffuser characteristics at zero angle of 
attack for range of mass-flow ratios at three free-stream Uach 
numbers . 
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(a) Free-stream Mach number, 1.59. 


Figure 27. - Variation of total "^-pressure recovery and combustion- 
chamber Mach number with mass-flow ratio at four angles of 
attack for three free-stream Mach numbers. 
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■(b) Pree-stream Mach numbec^ 1.79. 

Figure 27. -Continued. Variation of total-pressure recovery and 
combust ion -chamber Mach number with mfiss-flow ratio at four- 
angles -of attack for three free-stream Mach numbers. 
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Mass -flow ratio, m 3 /niQ 

(c) Pr ee -stream Mach rnunber, 1#99# 

Figure 27* - Concluded. Variation of total-pressure recovery and 
combustion-chamber Mach number with mass-flow ratio at fo\ir 
angles of attack for three free-stream Mach nvunbers. 
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Figure 28, - Longitudinal variation of internal-pressure coefficient at constant mass-flow 
ratio of 0.77 for four angles of attack. Pre e-stream Mach number, 1.79. 
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